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Stable, closely-spaced Dual-Wavelength Fibre Lasers (DWFLs) have high potential for applications such as Radio-over-Fibre and optical
sensing. In this work, a DWFL using two Arrayed Waveguide Gratings (AWGs) to generate a closely-spaced dual-wavelength output is
proposed and demonstrated. A 1 m long highly doped Leikki Er80-8/125 Erbium Doped Fibre (EDF) is used as the linear gain medium, while
two AWGs are used to generate the closely-spaced lasing wavelengths. A Mach-Zehnder modulator, driven at 180 kHz, splits the closely
spaced wavelengths into two clearly defined wavelengths, while a 7 cm long un-pumped Leikki Er80-8/125 EDF and sub-ring cavity is used
to suppress unwanted side-modes. Close spacing of between 0.01 to 0.03 nm are obtained, with beating frequencies of between 1.4 to
3.2 GHz. The output is highly stable, with almost no fluctuations over the test period.
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Keywords: Closely-spaced, frequency beating, AWG, modulation
1 INTRODUCTION
Dual-Wavelength Fibre Lasers (DWFLs) have gained much
attention due to its wide potential for application in a vari-
ety of tasks. DWFLs are particularly useful in optical sensing
such as signal sources, such as terahertz sources, Differential
Absorption LIDAR (DIALs) sources and sources for chemical
and biological applications. They also find significant use in
a variety of communication applications, such as wavelength
conversion as well as in Radio-over-Fibre (RoF) systems as mi-
crowave and millimetre wave generators.
Fibre based DWFLs are highly advantageous over other opti-
cal approaches due to their relatively smaller size and lower
complexity, as well as having a typically lower cost. Most
fibre-based DWFL designs employ the Erbium Doped Fibre
(EDF) as the primary gain medium in their design. However,
the homogenous gain broadening of the EDF’s output, which
is due to the inherent characteristics of the erbium ions, typ-
ically results in unstable lasing wavelengths due to mode-
competition and mode-hopping. There have been reports of
using the Semiconductor Optical Amplifier (SOA), an inho-
mogenously gain broadened media to overcome the effects of
mode-competition and mode-hopping [1]–[3], although at the
cost of higher noise and increased power losses in the system.
However, there is still significant interest to use the EDF as the
gain medium, as its behaviour is well documented and under-
stood. Various methods have been put forward to overcome
the homogenous gain broadening effects in the EDF, includ-
ing cooling the EDF with liquid nitrogen [4, 5] or using spe-
cially designed elliptical EDFs [6] which are very complex and
not practical. Other approaches have also been explored, in-
cluding the use of polarization maintaining Fibre Bragg Grat-
ings (FBGs) for selecting and isolating specific wavelengths
[7], frequency shifters [8], Distributed Fibre Bragg (DFB) laser
sources [9], the Four-Wave-Mixing effect [10], optical injection
Fabry-Perot lasers [11], cavity loss control [12] and even dual-
ring fibre lasers [13]. These approaches, while less complex,
are still difficult to practically implement.
From the above, it can be easily concluded that EDF
based DWFLs will be the best approach for microwave or
millimetre-wave generation. The main interest would be to
generate microwave signals in the lower frequency region,
which will not require expensive detection equipment. Of
late, there have been reports of the use of a tunable and
switchable DWFL for generating microwave signals, with an
output at 9.8 GHz [14]. Using a similar DWFL approach, there
is also a report of microwave generation as low as 3.4 GHz
[15]. In this work, the authors demonstrate a compact DWFL
based on a highly doped 1 m long Leikki EDF together
with two Arrayed Waveguide Gratings (AWGs) capable of
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FIG. 1 Schematic configuration showing the various components for generating the
closely-spaced DWFL using two AWGs.
generating dual-wavelength outputs with substantially nar-
rower channel spacings, thus allowing for the generation of
microwave signals much lower than those mentioned above.
The lasing wavelengths operate in a Single-Longitudinal-
Mode, as confirmed by a single peak from the beating of the
(SLM) dual-wavelength output when observed in the radio
frequency spectrum. This is, to the knowledge of the author,
the first report of microwave generation from a DWFL at this
low a frequency with a modulated output.
2 EXPERIMENTAL SETUP
Figure 1 shows the setup of the proposed AWG-based DWFL
that can provide closely spaced dual-wavelength outputs
which will lead to a lower frequency beating. It consists of a
1 m highly doped Liekki EDF (Er80-8/125), with absorption of
45 and 80 dB/m at 1400 and 1530 nm respectively as the linear
gain medium. The EDF is pumped in a counter-propogating
configuration by a 1480 nm Laser Diode (LD), operating at
340 mW, through a 1480/1550 nm Wavelength Division Mul-
tiplexer (WDM). The ASE spectrum generated by the pumped
EDF will be emitted at both ends of the EDF. As such, two opti-
cal isolators (Isolator 1 and Isolator 2) are placed in the cavity,
before and after the EDF to ensure uni-directional operation
in the clockwise direction. The ASE propagating through Iso-
lator 2 will now enter a 3 dB coupler, where it is split into
two even portions and directed into two AWGs, designated
AWG1 and AWG2. The AWGs are of similar specifications,
with a wavelength accuracy of accuracy of ±0.04 nm as well
as a 1 dB bandwidth and 3 dB bandwidth of about 0.2 nm and
0.4 nm respectively.
This is then recombined with a second 3 dB coupler, which is
in turn connected to a 7 cm long unpumped EDF of the same
type as described above.The short, un-pumped EDF acts as a
saturable absorber to suppress the unwanted, weaker modes
and allow only the dominant wavelengths to oscillate in the
cavity.
The output of the unpumped EDF is then connected to a
1.55 m long sub-ring cavity with the specific purpose of
suppresing the side modes, based on the Vernier effect
[16, 17]. The output of the sub-ring cavity is connected to
the common port of a 99:1 fused tap coupler, with 1% of
the propagating signal being extracted for further analysis,
while the remaining 99% is allowed to continue propagat-
ing within the ring cavity. The 99% port is connected to a
Polarization Controller (PC) and subsequently to a Mach-
Zehndermodulator (JDS Uniphase OC-192), which has a bias
voltage of 5.7 V and is driven by a 180 KHz transmission
by a Synthesized Signal Generator (SSG) from Anritsu.
Where the un-pumped EDF and the sub-ring cavity act to
suppress unwanted side-modes, the modulator splits the two
propagating waves from the AWG (which until this point
have overlapped) into two distinct waves. The generation
of the dual-wavelength output is attributed to birefringence
in the cavity. This essentially gives the cavity two optical
path lengths, and such allows for two dominant wavelengths
to oscillate in the cavity [18]. The dual-wavelength output
generated now continues to travel to Isolator 2 and back to
the 1 m long Leikki EDF, thus completing the optical cavity.
Optical analysis of the generated signal is done using a
Yokogawa AQ6370B Optical Spectrum Analyzer (OSA) with
0.02 nm resolution. In order to measure the lasing profile of
the output, the OSA in the setup is replaced by a LeCroy
oscilloscope with a 500 MHz bandwith together with a
photodetector. Similarly, the photodiode and oscilloscope are
replaced by a Radio Frequency Spectrum Analyzer (RFSA) to
observe frequency beating measurements.
3 RESULTS AND DISCUSSION
Figure 2(a) shows the DWFL with a spacing of 0.03 nm, which
is equal to 3.2 GHz spacing from the two AWGs as shown
in the setup of Figure 1. The splitting of the dual-wavelength
is observed when the fibre laser is modulated with a 180 KHz
sinusoidal pulse from the SSG. The two channels from the two
AWGs have about the same wavelength output. Without the
modulators, it will be difficult to split these two wavelengths.
By carefully controlling the PC, dual-wavelength outputs with
a 0.03 nm spacing is obtained.
Figure 2(b) shows the modulated output pulse train from the
DWFL output with a nearly similar repetition rate as that of
the modulator. The pulse train is a combination of the dual-
wavelength output of both shorter and longer wavelength of
1530.48 nm and 1530.51 nm respectively.
Figure 3(a) shows the spectrum for each wavelength from the
closely-spaced dual-wavelength fibre laser as taken from the
OSA. The PC used to select one wavelength out of the two by
controlling the polarization state of the laserinside the cavity.
It can be observed from Figure 3(a) that the dual-wavelength
fibre laser is succesfully divided be selecting one lasing wave-
length at a time through carefull adjustment of the PC. The
wavelength of shorter and longer wavelength are 1530.48 nm
and 1530.51 nm respectively as in the earlier case.
The pulse train in the time domain is taken from the oscil-
loscope, as depicted in Figure 3(b), showing the pulse train
for both the shorter and the longer wavelength outputs. The
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(a)
(b)
FIG. 2 (a) spectrum of the closely-spaced dual-wavelength fibre laser using two AWGs
and (b) the pulse train as observed from the oscilloscope for the closely-spaced dual-
wavelength output, which has a repetition rate of about 180 kHz.
repetition rate for both the shorter wavelength and the longer
wavelength are approximately 180 KHz, with the pulse of the
longer wavelength having a higher amplitude compared to
the pulse of the shorter wavelength.
On top of this, narrower dual-wavelength spacing can be
achieved by selecting channels from the two AWGs, with
wavelengths such as 1530.44 nm and 1530.45 nm, as measured
giving a dual-wavelength spacing of approximately 0.01 nm.
This is shown in Figure 4(a), with a frequency beating of
1.4 GHz as observed from the RFSA. Figure 4(b) shows the
corresponding optical spectrum as obtained from the OSA,
with a spacing of 0.01 nm. In the same manner, a beating fre-
quency of 2.5 GHz is obtained for a wavelength spacing of
0.02 nm, as shown in Figures 4(c) and 4(d) respectively, while
a beating frequency of 3.2 GHz is obtained for a wavelength
spacing of 0.03 nm, as shown in Figures 4(e) and 4(f). From
these figures, it can be inferred that due to the single peak in
the RF spectrum, that the two wavelengths are being operated
as SLMs.
Figure 5 shows the baseband data arises from the modulation
pulse of the SSG. This modulation pattern can only be ob-
served when taken in a small range, from 0 to 2 MHz, and as
can be seen from the figure a constant gap of 180 KHz between
each adjacent peak is obtained. This confirms that the modu-
lation of the pulse is a result of the modulator, and not other
(a)
(b)
FIG. 3 (a) the spectrum of the fibre laser with the modulation technique and (b) the
pulse train observed by a photodetector with an oscilloscope for the closely-spaced
dual-wavelength output.
FIG. 4 The frequency of the closely-spaced dual-wavelength output (a), (c) and (e)
taken from the RFSA and the (b), (d) and (f) the respective dual-wavelength spacing
spectra taken from the OSA.
by other optical phenomena. As such, the stabilization of the
dual-wavelength output is a result of the ‘pulse splitting’ that
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FIG. 5 Baseband frequency taken from the RFSA.
FIG. 6 Stability performance of the DW-close spacing SLM fibre laser by using two AWGs
configuration.
arises from the modulation of the propagating wavelengths in
the laser cavity.
Figure 6 shows the stability of the closely-spaced dual-
wavelength fibre laser over an hour of operation at intervals
of 5 minutes. The spacing of the wavelength is 0.03 nm,
equivalent to 3.2 GHz.
From the figure, it can be seen that the output of the system is
highly stable, with only minor fluctuations in the spacing and
power of the laser. Thus, the system can be used as a highly
stable dual-wavelength laser source, with a close spacing the
generation of microwave signals in the low frequency region,
which in turn can find many useful applications such as RoF
and sensor applications.
4 CONCLUSION
In this work, a DWFL using two AWGs to generate a closely-
spaced output is proposed and demonstrated. The DWFL uses
a 1 m long highly doped Leikki Er80-8/125 EDF as the pri-
mary gain medium, while the two AWGs are used to generate
the dual-wavelength output. A 7 cm long un-pumped Er80-
8/125 EDF, together with a sub-ring cavity is used to sup-
press unwanted side-modes, while a Mach-Zehnder modu-
lator driven at 180 kHz is used to split the oscillating wave-
lengths such that two, distinct lasing wavelengths are ob-
tained. Lasing wavelengths with spacing of 0.01, 0.02 and
0.03 nm (corresponding to beating frequencies of 1.4, 2.5 and
3.2 GHz) are obtained. The generated output is highly stable,
with only minor fluctuations in spacing and power, making it
highly suitable for applications such as Radio-over-Fibre and
sensors.
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